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[57] ABSTRACT 
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panded in a liquid matrix by passing a dispersion of 
microspheres in the liquid matrix through an interfa 
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EXPANSION OF EXPANDABLE'SYNTIIETIC 
I RESINOUS MICROSPHERES 

' Expandable synthetic resinous thermoplastic micro 
spheres are a well known and desirable item of com- 
merce and are disclosed at great length in US. PatJN-o'. ' 
3,615,972, the teachings of which are herewith incor 
porated by reference thereto. Such expandable micro 
spheres are employed in two principal manners:v ( l) as 
a dry expandable or expanded microsphere, and (2) as 
wet expanded or expandable microspheres. In most in 
stances where'possible it is usually desired to employ 
wet microspheres. By “dry microspheres” is meant mi 
crospheres, either expandable or expanded, which are 
not in association with sufficient liquidto eliminate the 
powdery characteristic of the microspheresf‘Wet mi 
crospheres” are‘ microspheres in association with a liq 
uid in suf?cient quantity to cause clumping together of 
the microspheres, or if the liquid is present in sufficient 
quantity, to provide a liquid dispersion of the micro 
spheres. In many instances in the handling of ‘micro 
spheres it is desirable to cause wet microspheres to ex 
pand. Considerable effort has been made to optimize 
the expansion of microspheres in liquid such as water. 
Generally the maximum volume percent of micro 
spheres has been in the range of about 7.5 percent for 
wet expansion without undue difficulty. The maximum 
volume fraction which can be conveniently handled, of 
course, varies, depending upon the particular expand 
able microspheres employed and the proportion of 
blowing agent therein, expansion ratio and the like. 
When handled in an aqueous slurry, a relatively large 
portion of water has been necessary for convenient 
handling. For many applications it is desirable to em 
ploy a relatively high proportion of microspheres in a 
wet system which oftentimes requires removal of a por 
tion of the liquid such as water, oil or the like in which 
the microspheres have been dispersed. Undesired 
clumping, fusion and a less than desired degree of ex 
pansion are problems which have been encountered 
when wet microsphere compositions containing higher 
proportions of microspheres have been expanded. 

It would be desirable if there were an improved 
method for the expansion of wet microspheres. 

It would also be desirable if there were available an 
improved method for the expansion of wet micro 
spheres which would permit the use of a higher propor 
tion of microspheres during the expansion step. 
These bene?ts and other advantages in accordance 

I with the present invention are achieved in a method for . 
the expansion of synthetic resinous microspheres, the 
steps of the method comprising providing a plurality of 
expandable synthetic resinous thermoplastic micro 
spheres in association with a liquid dispersing medium 
wherein the microsphere/dispersing medium mixture is 
flowable under pressure, heating the mixture of dis 
persing medium and microspheres to a temperature 
suf?cient to cause expansion of the synthetic resinous 
thermoplastic microspheres to form a plurality of 
monocellular gas-?lled synthetic resinous particles, the 
improvement which comprises heating the micro 
spheres by passing the dispersing medium/expandable 
microsphere mixture through a heated interfacial sur 
face generator. 
The method of the present invention is applicable to 

any and all expandable synthetic resinous micro 
spheres. Dispersing media which are useable in the pro 
cess of the present invention is any dispersing medium 
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2 
which is generally a non-solvent for and non-reactive 
with the microspheres at their temperature of expan 
sion. ' 

A wide variety of interfacial surface generators can 
be employed in the practice of the present invention. 

\ Such interfacial surface generators are well known in 
the art and many are commercially available. Such in 
terfacial surface generators, also sometimes referred to 
as static mixers, or motionless mixers, are exemplified 
by the following US. Pat. Nos. 3,239,197; 3,286,992; 
3,358,749; 3,394,924; 3,404,869; 3,583,678 and 
3,620,506, the teachings of which are herewith incor 
porated by reference thereto. Generally for most appli- . ' 
cations, the preferred form of interfacial surface gener 
ator is one that permits smooth streamline flow of ma 
terials therethrough. Particularly desirable ‘interfacial 
surface generators are shown in US. Pat. No. 
3,358,749 (particularly the embodiment illustrated in 
FIG. 1) and US. Pat. No. 3,394,924. However,‘many 
other interfacial surface generators are operable. In 
order to minimize the possibility of collapse of the ex 
panded particles and maximize yield of expanded mi 
crospheres, interfacial surface generator designs which 
minimize the possibility of “hangup” or “dead spots” 
are desirably employed. 
Expansion of synthetic resinous microspheres in ac 

cordance with the present invention is readily achieved 
when microspheres are present in a liquid dispersing 
medium at concentrations up to 30 volume percent, 
whereas most conventional techniques are satisfactory 
only up to about 7 volume percent of expandable mi 
crospheres. 
By way of further illustration, an interfacial surface 

generator is prepared from a 60 inch length of 2 inch 
inside diameter thin wall tubing. The interfacial surface 
generator has the con?guration of FIG. 1 of US. Pat. 
No. 3 ,358,749 and is crimped over a 36 inch length and 
over the crimped portion and extending over either 
side is a heat exchange liquid jacket. An aqueous dis 
persion containing 20 weight percent expandable mi 
crospheres having a polymer shell of a copolymer of vi 
nylidene chloride/acrylonitrile is passed through the 
interfacial surface generator at a rate of about 42 
pounds per hour, based on the weight of the dry micro 
spheres while maintaining liquid in the jacket at a tem 
perature of 200°F. The pressure at the inlet end of the 
crimped tube interfacial surface generator is 40 pounds 
per square inch. A cake of expanded microspheres is 
obtained from the exit end of the tube. The micro 
spheres have true densities varying from about 2.1 to 
about 1.7 pounds per cubic foot. Similar bene?cial re 
sults are obtained when the foregoing procedure is re 
peated using 15 weight percent aqueous slurries of 
similar vinylidene chloride microspheres and 30 weight 
percent slurries of like microspheres wherein true den 
sities obtained are 4.86 and 4.95 pounds per cubic foot. 
Expansion of the expandable microspheres is also ob 
tained when a 9 weight percent dispersion of micro 
spheres in mineral oil containing 2 weight percent t~ 
butylstyrene is employed. 

In a manner similar to the foregoing illustration, ex 
pandable microspheres are expanded employing as the 
dispersing medium liquid polyester resins, liquid epoxy 
resins, uncured resole resins, plastisol resin mixtures, 
wax and curable liquid silicone resins. The appropriate 
expansion temperature for any given combination of 
liquid dispersing medium or matrix and microspheres 
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is readily determined by admixing a small quantity of 
expandable microspheres and the liquid medium, heat 
ing the resulting mixture in an air oven and noting the 
temperature at which expansion of the microspheres 
occurs, assuming, of course, that the combination of 
microspheres and liquid dispersing medium has been 
selected which does not result in destruction of the ex 
pandable microspheres. 
As is apparent from the foregoing speci?cation, the 

present invention is susceptible of being embodied with 
various alterations and modi?cations which may differ 
particularly from those that have been described in the 
preceding speci?cation and description. For this rea 
son, it is to be fully understood that all of the foregoing 
is intended to be merely illustrative and is not to be 
construed or interpreted as being restrictive or other 
wise limiting of the present invention, excepting as it is 
set forth and de?ned in the hereto-appended claims. 
What is claimed is: 
1. In a method for the expansion of synthetic resinous 

‘microspheres, the steps of the method comprising pro 
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viding a plurality of expandable synthetic resinous ther 
moplastic microspheres in association with a liquid dis 
persing medium wherein the micrsophere/dispersing 
medium mixture is ?owable under pressure wherein the 
concentration of expandable microspheres in the dis 
persing medium is from about 7 to about 30 volume 
percent, heating the mixture of dispersing medium and 
microspheres to a temperature sufficient to cause ex 
pansion of the synthetic resinous thermoplastic micro 
spheres to form a plurality of monocellular gas-?lled 
synthetic resinous particles, the improvement which 
comprises , p ' 

heating the microspheres by passing the dispersing 
medium/expandable microsphere mixture through 
a heated interfacial surface generator. 

2. The method of claim 1 where the liquid dispersing 
medium is water. 

3. The method of claim 2 where the synthetic resin 
ous microspheres have a shell of vinylidene chloride 
polymer. 

* * * * * 


